The current paper investigates the existence and nature of the Granger causality between electricity consumption and economic growth for 17 industries in Taiwan. Empirical results over the period 1998-2014 suggest that a panel cointegration test shows a long-run equilibrium relationship and a bi-directional Granger causality between electricity and economic growth has been found. The result indicates that a 1% increase in electricity consumption boosts the real GDP by 1.72%. The government can pursue energy conservation and carbon reduction policy in some industries without impeding the economic growth for adjusting the industrial structure.
Introduction
In the recent decades policymakers have been mitigating global warming and climate change. Paris climate conference (COP21) was held in December 2015, the goal of which was to affirm the goal of limiting global temperature increase below 2 degrees Celsius above the pre-industrial levels. Parties of the Paris climate conference also ascertained the need to report how well they are doing in terms of implementing their targets and tracking their progress toward the long-term goal through a robust, transparent, and accountable system. However, the design of such energy-saving policies has a significant impact on economic growth. Since the seminal work of Kraft and Kraft [1] , many studies have investigated the causal relationship between energy or electricity consumption and economic growth. On an aggregate or national level, electricity consumption is strongly related with economic growth (see, for example, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ). As previous studies have suggested, economic growth depends highly on energy inputs. Taiwan is a developing country whose manufacturing industry relies heavily on energy consumption. In Figure 1 , the dotted line represents the growth rate of electricity consumption and the solid line represents the real GDP growth rate in Taiwan. Clearly, electricity consumption is highly correlated with the growth of real GDP. Therefore, the relationship between electricity consumption and GDP growth is worth investigating.
Most existing studies have investigated the relationship between electricity consumption and economic growth using national or aggregate data. However, support for the energy-growth nexus does not imply the existence of this relationship at the industrial level, even though some industries may exhibit intensive use of energy. It would, thus, be worthwhile to study the link between electricity consumption and economic growth at the industry level. Such an analysis could help us identify specific energy conservation policy and carbon reduction techniques for energy intensive industries. This paper explores the relationship between the real GDP growth and electricity consumption at the industry level during the time period 1998-2014. This paper also distinctly contributes to the existing literature. First of all, this research sheds new light on the electricity consumption and real GDP growth at an industrial level. Reviewing the existing literature, most studies focus on the energy-growth dynamics using aggregate or national-level data national-level data that led to conflicting results. As Soytas et al. [21] argued, disaggregated level data may provide further insight regarding the link between real GDP and energy consumption. Thus, we feel the use of industrial data may elicit the correct diagnosis of the energy-GDP nexus. Second, the relationship between electricity consumption and the real GDP growth may differ from industry to industry. We can observe the heterogeneous effects of energy policy on various industries. In this paper, we extend research in this field by using data from 17 Taiwanese industries for the years 1998-2014. The results can be summarized as follows:
(1) We find that electricity consumption and real industrial GDP are both integrated of order one.
The findings of the Westerlund [22] cointegration test reveal that the two variables are cointegrated. (2) Applying the dynamic ordinary least squares method (hereafter, DOLS) to estimate the long-run equilibrium equation, we found that, in the mining and quarrying and wholesale trade industries, electricity consumption has a negative impact on GDP growth. Hence, the energy policy makers can safely adopt the energy (electricity) conservation policy without hindering the GDP growth. However, most of the panel DOLS test results in the current research indicate that electricity consumption has a positive impact on economic growth. A 1% increase in electricity consumption leads to a 1.72% increase in economic growth. The long-run relationship suggests the existence of a positive relationship between the two variables. (3) The short-and long-run Granger causality tests were examined and we discovered the existence of a bidirectional causal relationship between the real GDP growth and electricity consumption in the short-and long-run. The results imply that the reduction in energy or electricity consumption may adversely affect economic growth.
The remaining paper is organized as follows: Section 2 gives an overview of the existing literature; Section 3 discusses the proposed econometric model; Section 4 lists the empirical results; Section 5 concludes the research and provides policy implications.
Literature Review
Energy consumption plays an important role in economic growth. Kraft and Kraft [1] were the first ones to investigate the relationship between energy consumption and economic growth by In this paper, we extend research in this field by using data from 17 Taiwanese industries for the years 1998-2014. The results can be summarized as follows:
(1) We find that electricity consumption and real industrial GDP are both integrated of order one. The findings of the Westerlund [22] cointegration test reveal that the two variables are cointegrated. (2) Applying the dynamic ordinary least squares method (hereafter, DOLS) to estimate the long-run equilibrium equation, we found that, in the mining and quarrying and wholesale trade industries, electricity consumption has a negative impact on GDP growth. Hence, the energy policy makers can safely adopt the energy (electricity) conservation policy without hindering the GDP growth. However, most of the panel DOLS test results in the current research indicate that electricity consumption has a positive impact on economic growth. A 1% increase in electricity consumption leads to a 1.72% increase in economic growth. The long-run relationship suggests the existence of a positive relationship between the two variables. (3) The short-and long-run Granger causality tests were examined and we discovered the existence of a bidirectional causal relationship between the real GDP growth and electricity consumption in the short-and long-run. The results imply that the reduction in energy or electricity consumption may adversely affect economic growth.
Energy consumption plays an important role in economic growth. Kraft and Kraft [1] were the first ones to investigate the relationship between energy consumption and economic growth by using various econometric methods for different time periods. From an economist's perspective, energy is an input for production but empirical evidence suggests that the energy-growth nexus is complicated. Most empirical studies employ the cointegration and Granger causality model (summarized in Table 1 ). The previous test results are based on the time series economic analysis and dynamic panel data approach. Electricity consumption and the real GDP are often non-stationary and take some cointegration tests into account. However, the two variables reveal conflicting results on the issue at hand because the estimation results are very sensitive to the time period considered and the methodology employed. Another factor contributing to the complications of the energy-growth nexus is the difference in the region where the study was conducted (see, for example, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] ). These studies mostly focus on the developed and developing countries; however, they do not reach a consensus on the role of energy in economic development. Turning to different data sets, it is important to take data properties into consideration as methods and empirical results depend on whether the data is suitable for conducting an empirical analysis. Most of the empirical research has used aggregated or national-level data to analyze this issue. Soytas and Sari [23] argued that many works suffer from aggregate bias. Campbell and Perron [24] reported that the relatively short time span may substantially weaken the power of statistics test, thereby producing distorted and mixed results. National-level data fails to address the heterogeneous effects of the issue. In this paper, we investigate the industrial nexus and address the abovementioned effects for different industries.
To the best of our knowledge, few empirical studies study the energy-GDP issue based on industry-level data. Xu and Pan [25] , Zhang and Xu [26] and Hu and Wang [27] examined the relationship between energy consumption and economic growth in sectors and regions in China. Hamit-Haggar [28] applied time series econometric analysis and dynamic panel data methods to investigate the relationship between energy consumption and economic growth for Canadian industrial sectors. Xu and Pan [25] discovered a long-term equilibrium relationship between the energy consumption of the six big industries and their industrial growth. Zhang and Xu [26] found that economic growth involves more energy consumption at the sectoral levels. The industries in the eastern region of China showcase a bidirectional causality relationship between energy consumption and economic growth. Hamit-Haggar [28] showed that there exists a short-run Granger causality running from energy consumption to economic growth and that the environmental Kuznets curve holds. Hu and Wang [27] revealed that a 1% increase in energy consumption increases the real value added of industrial sectors by 0.871% and a 1% increase in value added of industrial sectors boosts energy consumption by 1.103%. They found a unidirectional causation from economic growth to energy consumption. However, energy consumption is found to cause economic growth in the long run.
Due to great differences in energy consumption observed across industries, it would be worthwhile to study the relationship between energy consumption and economic growth at the industry level. Conducting this research will be helpful in designing a more efficient energy conservation, emission reduction policy and in making adjustment for the industrial structure. In this paper, we focus on this issue in the context of 17 industries by employing empirical analysis. 
Econometric Analysis
In an attempt to give clear proof of the short-run and long-run link between electricity consumption and economic growth, the paper makes use of the Taiwanese annual panel data from 1998 to 2014. The data used in the study includes electricity consumption and real GDP at the industry level. These variables are then expressed in a natural logarithmic form. Many previous empirical studies used aggregated data and measures focused on the relation between energy (electricity) consumption and economic growth both in the developed and developing countries. Soytas and Sari [23] pointed out that many issues might suffer from aggregation bias. A few studies shed light on disaggregate or section-specific energy/electricity consumption and its contribution to GDP. Sector-specific data can address the heterogeneous effects of energy conservation policies on different sectors with different energy usage intensities. For the purpose of investigating the link between industrial electricity consumption and growth, the study uses the following procedures. First, the unit root test is carried out by employing the Im, Pesaran, and Shin unit root test [30] . The results of the test determine the stationarity properties and the order of integration. Second, we adopted Westlung [22] panel cointegration tests to examine the cointegration relationship between sector-specific energy consumption and economic growth. Finally, we examine the short-and long-run causal relation between energy consumption and economic growth.
Panel Unit Root Test
To confirm the integration order of variables, we start by performing a unit root test. The traditional univariate unit-root tests, initiated by Dickey and Fuller, have low power problems and it becomes difficult to reject the null hypothesis. Because of the weakness of the univariate unit root test, we conduct the Im, Pesaran and Shin [30] unit root test (hereafter, IPS) (Pesaren [31] have detailed discussed in detail the IPS standardized statistics and asymptotical distribution.) which is based on panel data. The IPS test is less restrictive and more powerful compared to the traditional ADF test (for a useful survey on panel unit root test, see Hurlin and Mignon [32] ). The basic equation for the panel unit root tests for IPS is as follows:
ϕ ij ∆y i,t−j + ε i,t ; i = 1, 2, . . . , N; t = 1, 2, . . . , T
where y i,t represents each variable under consideration in our model, α i is the individual fixed effect, and p is selected to make the residuals uncorrelated over time. The null hypothesis is that all panels contain unit roots (ρ i = 0, ∀ all i) versus the alternative hypothesis that at least one panel is stationary (ρ i < 0 for some i = 1, 2, . . . , N 1 and ρ i = 0 for i = N 1 + 1, . . . , N). The IPS statistic is based on averaging individual ADF statistics and can be written as t = 1 N ∑ N i=1 t i,T , where t i,T is the ADF t-statistic for industry i based on the sector-specific ADF regression. IPS shows that under the null hypothesis of non-stationary, the t statistic follows the standard normal distribution asymptotically. The standardized statistic t IPS is expressed as:
The limitation of the IPS test is that it is cross-section-dependent, potentially because of unobserved common factors and externalities, as well as regional and macroeconomic linkages. Thus, some new panel unit root tests, addressing cross-section dependence, have been reported. A well-known test, considering cross-section dependence, is the CIPS test of Pesaran [33] , where the following cross-sectional augmented Dickey-Fuller (CADF) regression is considered and the OLS method for the ith cross-section in the panel is estimated:
where
Pesaran [33] proposes a cross-sectional augmented version of the IPS test:
where CADF i is the CADF statistic for the ith cross-sectional unit given by the t statistic of the estimate of ρ i . These results strongly suggest that the variables are nonstationary and level but stationary in first differences; they may be integrated of the first order I(1). In such cases, the presence of a cointegration relationship between the series can be examined because the considered integrated series are of the same order. Thus, the results of the CIPS test, considering cross-sectional dependence, are similar to those of the IPS test.
Panel Co-Integration Test
In recent years, it has become increasingly popular to use panel data sets for carrying out an econometric analysis. The long-run dimension in panel time series allows us to estimate the long-run relationship between variables by exploring regular time series analytical tools, such as the cointegration test and the causality relationship. In spite of this, we apply four panel cointegration tests developed by Westerlund [22] to test the cointegration relationship. (Banerjee, Dolado, and Mestre [34] and Kremers, Ericsson and Dolado [35] mentioned that, due to common-factor restriction low power problems for residual-based cointegration tests, many studies fail to reject the no-cointegration null, even in cases where cointegration is strongly suggested by theory. Westerlund [22] provided four new panel cointegration tests that are based on structural rather than residual dynamics and, therefore, do not impose any common-factor restriction.) The four tests are all normally distributed, while also being general enough to accommodate unit-specific short-run dynamics, unit-specific trends, and cross-sectional dependence.
The relationship between energy consumption and economic growth is as follows:
where G i,t is real GDP and E i,t is electricity consumption by industries. All series are transformed into logarithms. Based on Equation (5), the error correct model can be presented as follows:
where d t = (1, t) , the parameter α i provide estimates of the speed of error-correction toward the long-run equilibrium. α i < 0 implies that G i,t and E i,t are cointegrated; if α i = 0, then there is no error correction. We can depict the null hypothesis of no cointegration as H 0 :α i = 0 for all i. The alternative hypothesis depends on what is being assumed about the homogeneity of α i . According to Westerlund [22] and Persyn and Westerlund [36] , group-mean tests, which do not require the α i s to be equal, imply that H 0 is tested versus H g 1 :α i < 0 for at least one i. The statistic of group-mean tests can be computed in the following way:
The other pair of tests of Westerlund [22] and Persyn and Westerlund [36] are called panel tests, and they assume that α i is equal for all i, and are designed to test H 0 versus H p 1 :α i = α < 0 for all i. The panel statistics are as follows:
By applying an error-correction model in which all variables are assumed to be I(1), the four tests proposed by Westerlund [22] examine whether cointegration is present or not by determining whether error-correction is present for individual panel members and for the panel as a whole.
Panel Dynamic Ordinary Least Squares
The DOLS method of Stock and Watson [37] is widely used to estimate and test hypotheses about a cointegrating vector to panel data. Kao and Chiang [38] and McCoskey and Kao [39] have precisely discussed the DOLS estimators. These authors note that the panel DOLS is less biased compared with other estimators in small samples that use Monte Carlo simulations. The panel DOLS estimators have better sample properties than the panel ordinary least squared estimators. The DOLS is obtained from the following equation:
where C ij is the coefficient of a lead or lag of first differenced explanatory variables. The estimated coefficient of DOLS is given by:
is the transformed variable of y i,t to achieve the endogeneity correction. Kao and Chiang [38] show that the limited distribution of the DOLS estimators in cointegrated regressions are asymptotically normal.
We employ the panel DOLS method to estimate coefficients of the long-run relationship between electricity consumption and economic growth. Economists have long been interested in understanding the link between electricity consumption and economic growth for at least two reasons. First, knowing the relationship between electricity consumption and economic growth helps in determining the energy and economic development policy. The government can account for the different electricity consumption and needs to forecast future business conditions and uplift the status. Second, knowing the relation between electricity consumption and economic growth assists in identifying their causal relationship and establishing tax policy. For example, if electricity consumption would leave economic growth unaffected, increasing energy tax rate would not hurt economic growth.
Panel Granger Causality Tests
After examining the existences of cointegration, the direction of the causality relationship between the variables needs to be identified. The panel cointegration test confirms the long-run relationship exists between the variables. We test for causality relationship of the two variables. According to the Granger representation theorem, the panel vector error correction model can be constructed as follows: (14) in which, ∆ denotes first differencing, and ECT 1,it−1 and ECT 2,it−1 are error correction terms. The lag length is chosen optimally using the AIC criterion. The error-correction model to be estimated by the pooled mean-group method (PMG) was suggested by Pesaran, Shin, and Smith [40, 41] ; here, we use the PMG estimator to estimate Equations (13) and (14) and evaluate two Granger causality relationships. The researchers can test the significance of coefficients in Equations (13) and (14) to identified the sources of causation. In short-run causality, the significance of the coefficients related to the lagged difference of electricity consumption in Equation (13) , and the real GDP in Equation (14) is evaluated.
Long-run causality is related to the coefficient of ECT. The null hypothesis for short-and long-run Granger causality tests can be presented as follows:
(1) Short-run Granger causality:
H 0 :γ 1j = 0, ∀j = 1, . . . , q, in Equation (13) H 0 :β 2j = 0, ∀j = 1, . . . , p, in Equation (14) (2) Long-run Granger causality: H 0 :τ 1 = 0, ∀j = 1, . . . , q, in Equation (13) H 0 :τ 2 = 0, ∀j = 1, . . . , q, in Equation (14) The panel causality test results will discuss in next section. We inferred a bidirectional causal relation between real GDP growth and electricity consumption in the short-run. The coefficient of ECT was significant in both Equations (13) and (14), suggesting bidirectional causality between electricity consumption and real GDP growth in the long-run.
Data and Empirical Results

Data
The electricity consumption data of 17 industries is taken from the industrial energy consumption of Taiwan Power Company [42] for the period 1998-2014. The Directorate General of Budget Accounting and Statistics in Taiwan annually publishes a National Accounts Yearbook and provides statistics data for the annual balance of real gross domestic products categorized according to the type of industrial activity since 1981. The real gross domestic products for all kinds of industries have been measured at 2006 constant prices and taken from the Directorate General of Budget Accounting and Statistics in Taiwan. Following the previous studies, we use industry level real gross domestic product to calculate the economic growth rate. All variables are expressed in the form of natural logarithms. Table 2 shows the descriptive analysis of data. 
The Unit Root Tests
To test the stationarity of the data, we carry out the CIPS panel unit root test. The results for panel unit root test are presented in Table 3 . We can conclude that the null hypothesis of the unit roots test for the panel data for energy consumption and GDP series cannot be rejected in level. However, the null hypothesis of a unit root is rejected when those series are in first-differences. These results strongly suggest that the variables are non-stationary in level but stationary in first-differences. This results show that two variables are integrated on order one. In such a case, it can be concluded that the existence of the cointegration relationship between these series can be examined because series under consideration are integrated of the same order. Note: *** rejects the null hypothesis of unit roots for series at the 1% level.
Panel Cointegration Estimation
In the next step, we performed the approach of Westerlund [22] to examine whether a long-run equilibrium relationship exists between the vaiables. Table 4 presents the results of the cointegration analysis. We found evidence in support of cointegration for all of the 17 industries, with the null hypothesis of no cointegration relationship being rejected at a 5% level of significance. Such empirical results indicate that there is a long-run relationship between electricity consumption and GDP growth in our 17 industries. Note: *** rejects the null hypothesis of no cointegration at the 1% level.
Cointegration Coefficient Results of DOLS
Using the DOLS technique developed by Pedroni [43] [44] [45] for estimating final unbiased coefficients of the energy-growth relationship, we verify and test the long-run equilibrium relationship between energy consumption and growth. A great advantage of using DOLS estimators is that it corrects for endogeneity bias and serial correlation. DOLS provides the consistent and efficient estimators of the long-run relationship. The DOLS estimation results are presented in Table 5 . The DOLS estimates of energy consumption range from −2.17 to 3.33. The impact of electricity consumption on GDP is very different across different industries. The mining and quarrying and wholesale trade industries show that electricity consumption has a negative impact on the GDP. In other words, the government can carry out carbon reduction or energy conservation policy without impeding GDP growth. The panel DOLS test results indicate that electricity consumption has a positive impact on economic growth in our sample. A 1% increase in electricity consumption leads to a 1.72% increase in economic growth.
The long-run relation shows the existence of a positive relationship between the variables. Note: ***, ** and * rejects the null hypothesis of no cointegration at the 1%, 5% and 10% level, respectively.
Panel Causality Analysis
The results of a panel causality test between electricity consumption and the GDP are listed in Table 6 . The optimal lag structure is 1, which is obtained by using the AIC. The coefficient of electricity consumption is significant in Equation (11) and the coefficient of real GDP growth is significant in Equation (12), respectively. Hence, we infer that a bidirectional causal relationship exists between the real GDP growth and electricity consumption in the short-run. The coefficient of ECT is significant both in Equations (11) and (12) , which means that there is evidence of bidirectional causality between electricity consumption and the real GDP growth in the long-run. 
Conclusions and Policy Implications
This paper contributes to the existing area of research by using industrial data on electricity consumption and real GDP. Previous empirical studies, which are mostly based on nation-level data or aggregated data, produce outcomes that could potentially conceal vital information or causalities. The different industries may have varying total electricity consumption. For example, the electricity consumption for different sectors in 2015 are as follows: 7.65% of the electricity was consumed by the energy sector itself; 53.35% by industry; 0.54% by transportation; 1.17% by agriculture, forestry and fishery; 19.34% by services; and 17.96% by residences. When compared with 2014, energy sector's own usage increased by 0.23%; industry's by 2.29%; transportation's by 1.97%; agriculture, forestry and fishery's decreased by 1.31%; service's increased by 1.50% and residences decreased by 0.65%. Total energy consumption in Taiwan decreased by 0.75% from 2014 to 2015. However, some sectors and industries boosted their electricity consumption. As noted above, when we only consider aggregate data or national data, we do not find any difference across industries. When industrial data is considered, the policy makers are able to target specific industries to successfully design and implement efficient energy policies.
The effect of electricity consumption on GDP was analyzed using the sample of 17 industries. According to previous empirical findings, the relationship between these terms can be categorized into four groups; while the first group indicates that energy consumption is essential for growth and there is a one-way relationship, the second group finds that energy consumption affects economic growth, the third group argues that there is bidirectional causality between them, and the last group finds that there is no causality relationship between energy consumption and economic growth. The findings of this paper are consistent with the third group's findings in both the short-and long-run. In other words, electricity consumption and economic growth influence each other. The expansion in GDP and increase in the energy usage are happening simultaneously, which implies that productive activities in most of the industrial sectors need energy as an input and energy acts as an engine for economic growth. The industrial real GDP depends highly on energy supply. However, the mining and quarrying industry and the wholesale trade industry show a reduction in electricity consumption without a simultaneous decline in the economic growth. Energy conservation policy should be considered and carried out in the mining and quarrying and wholesale trade industries. These conclusions violate the neo-classical argument that energy is neutral to economic growth.
To sum up, the empirical results of the study suggest the following policy implications: first, the policy makers may set and limit energy usage for industries whose electricity consumption does not impede economic growth. Second, electricity consumption in most industries is an indispensable factor for economic growth, so energy saving and conservation or carbon emission reduction may rely on industrial promotion or technological upgrades of the production process. Government should aim to design a sustainable policy for economic growth by encouraging industrial adjustment and a low energy intensity production process.
In Taiwan, the price of residential electricity is higher than that of industrial electricity because the government subsidizes industrial electricity costs to stimulate economic growth and development. For instance, in 2015, the per-kilowatt-hour cost was NT$2.76 for industrial electricity but NT$2.84 for residential electricity. Consequently, larger industrial users and some other industries or companies are consuming electricity at a markedly cheaper rate. The electricity tariff concessions are viewed as subsidies to large electricity consumers (or high-energy-consuming industries) such as the steel industry. However, year after year, this disparity in the residential and industrial electricity costs has been gradually diminishing because of public pressure. The discrimination of electricity costs is a research limitation and, because of different electricity schedules, the relationship of electricity consumption with different electricity costs may vary. The disparity in the electricity costs may increase electricity consumption. Therefore, further research regarding the relationships among electricity costs, electricity consumption, and economic growth is warranted.
